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Basic types of FACTS controllers
In general, FACTS Controllers can be divided into three categories (Hingorani et al., 1999) :
Combined series-series Controllers
Role of FACTS controllers
The following points summarize the objectives of FACTS devices in power system control and operation:
• Control of power flow as ordered • Increase the loading capability of lines to their thermal capabilities • Increase the reliability and system security through raising the transient stability limit, limiting short-circuit currents and overloads, managing cascading blackouts • Provide greater flexibility in sitting new generation • Reduce reactive power flows, thus allowing the lines to carry more active power • Reduce loop flows.
•
Enhance the economic dispatch of generating units.
Three phase static var compensator modelling
Model presented by (Acha et.al, 2004) , is based on the concept of a variable susceptance 
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A three-phase SVC model presented by (Acha, et al. 2004 ) is implemented and adapted within the proposed algorithm to regulate and control the reactive power injected or absorbed in the unbalanced three phase power systems. As shown in Fig. 1 , every branch has a fixed capacitor and a thyristor-controlled capacitor reactor. Equation (2) 
The superscripts p, q correspond to phases a, b and c. The steady-state control law for the SVC is the typical current-voltage characteristic, illustrated in Fig. 2 .
Three-phase power flow equation
The network branch modelling in unbalanced multi-wire distribution systems is typically done and simplified using the Carson's equations to self and the mutual impedances, and by applying the kron reduction to determine the reduced impedance matrix Zabc of each branch, referred to the phases a, b and c. The power-flow equations at buses k and m based on Fig. 3 may be given by:
Where the subscript k, m represent the bus number while the subscript p represent the phase a, b and c.
www.intechopen.com The power mismatch equations at buses may be given by: Q , which are given by (3) and (4), are the sum of the active and reactive power flows of phase p at bus m, respectively. In the following, the three-phase Newton power flow algorithm in polar coordinates, which is similar to that proposed in (Acha, et al. 2004) , will be described. the non-linear equations can be combined and expressed in compact form.
Where, ()0 = fx represents the whole set of power-flow mismatch and machine terminal constraint equations, x is the state variable vector and given by ,,,,,,, .
The Newton equation is given by
Where , () ()
f xx is the system Jacobian matrix. The resulting linearised equation, suitable for iterative solutions, becomes:
Where l=k, m, j=k, m and (i) is the iteration number.
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Power Quality -Monitoring, Analysis and Enhancement 286 3. Dynamic strategy for asymetric control of multiple shunt compensator One of the principal tasks of the operator of an electricity distribution system is to ensure that network parameters, such as bus voltages and line load, are maintained within predefined limits. The problem of system imbalance has considerable effects on power systems. The effects of zero sequence current on protection relays and negative sequence current on motors are well known by power engineers (Mahdad.b et al., 2006) . However, others effects such as increasing system loss, decreasing system capacity, and increasing the inductive coupling between parallel lines or feeders are often overlooked. The intensive use of FACTS devices in the emerging electricity market environment demands more robust and online FACTS control methodologies. The main objective of this section is to formulate the basic idea behind the proposed approach.
Practical experience rules and fuzzy logic
A review of the literature on reactive power compensation in distribution feeders indicates that the problem of capacitors Allocation has been extensively researched over the past www.intechopen.com
Optimal Location and Control of Flexible Three Phase Shunt FACTS to Enhance Power Quality in Unbalanced Electrical Network 287 several decades (Mahdad.b et al., 2007) . The solution techniques for the reactive power planning problem can be classified into three categories:
and artificial intelligence based. The choice of which method to use depends on: the problem to be solved, the complexity of the problem, the accuracy of desired results. Once these criteria are determined, the appropriate capacitor Allocation techniques can be chosen. The use of fuzzy logic has received increased attention in recent years because of it's usefulness in reducing the need for complex mathematical models in problem solving (Mahdad.b, 2010 It is intuitive that a section in a distribution system with high losses and low voltage is ideal for installation of facts devices, whereas a low loss section with good voltage is not. Note that the terms, high and low are linguistic.
Membership function
A membership function use a continuous function in the range [0-1]. It is usually decided from humain expertise and observations made and it can be either linear or non-linear. The basic mechanism search of fuzzy logic controller is illustrated in Fig. 5 . It choice is critical for the performance of the fuzzy logic system since it determines all the information contained in a fuzzy set. Engineers experience is an efficient tool to achieve a design of an optimal membership function, if the expert operator is not satisfied with the concepetion of fuzzy logic model, he can adjust the parmaters used to the design of the membership functions to adapt them with new database introduced to the practical power system. Fig. 6 shows the general bloc diagram of the proposed coordinated fuzzy approach applied to enhance the system loadability in an Unbalanced distribution power system.
Where; svc Q ρ , reactive power for three phase.
The solution algorithm steps for the fuzzy control methodology are as follows: 1. Perform the initial operational three phase power flow to generate the initial database ( )
2. Identify the candidate bus using continuation load flow.
3. Identify the candidate phase for all bus ( )
4. Install the specified shunt compensator to the best bus chosen, and generate the reactive power using three phase power flow based in fuzzy expert approach: des τ the desired degree of unbalance. Δ asy P power loss for the unbalanced case. Δ bal P power loss for the balanced case. 5. If the maximum degree of unbalance is not acceptable within tolerance (desired value based in utility practice). Go to step 4. 6. Perform the three phase load flow and output results.
Minimum reactive power exchanged
The minimum reactive power exchanged with the network is defined as the least amount of reactive power needed from network system, to maintain the same degree of system security margin. One might think that the larger the SVC or STATCOM, the greater increase in the maximum load, based in experience there is a maximum increase on load margin with respect to the compensation level (Mahdad.b et al., 2007) .
In order to better, evaluate the optimal utilization of SVC and STATCOM we introduce a supplementary rating level, this technical ratio shows the effect of the shunt dynamic compensator Mvar rating in the maximum system load, therefore, a maximum value of this factor yields the optimal SVC and STATCOM rating, as this point correspond to the maximum load increase at the minimum Mvar level. This index is defined as:
where: sht N is the number of shunt compensator Kld: Loading Factor. 8 shows the principle of the proposed reactive index sensitivity to improve the economical size of shunt compensators installed in practical network. In this figure, the curve represents the evolution of minimum reactive exchanged based in system loadability, the curve has two regions, the feasible region which contains the feasible solution of reactive power. At point 'A', if the SVC outputs less reactive power than the optimal value such as at point 'B', it has a negative impact on system security since the voltage margin is less than the desired margin, but the performances of SVC Compensator not violated. On the other hand, if the SVC produces more reactive power than the minimum value ( min Q ), such as point 'C', it contributes to improving the security system with a reduced margin of system loadability, this reactive power delivered accelerates the saturation of the SVC Controllers.
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Numerical results
In this section, numerical results are carried out on simple network, 5-bus system and IEEE 30-bus system. The solution was achieved in 4 iterations to a power mismatch tolerance of 1e-4.
Case studies on the 5-bus system
The following cases on the 5-bus network have been studied: Case1: Balanced network and the whole system with balanced load.
The results given in Table. 1 are identical with those obtained from single-phase power flow programs. The low voltage is at bus 5 with 0.9717 p.u, the power system losses are 6.0747 MW. Neither negative nor zero sequence voltages exist. Case2: Balanced network and the whole system with unbalanced load.
Optimal placement of shunt FACTS based voltage stability
Before the insertion of SVC devices, the system was pushed to its collapsing point by increasing both active and reactive load discretely using three phase continuation load flow (Mahdad.b et al., 2006) . In this test system according to results obtained from the continuation load flow, we can find that based in Figs. 9, 10, 11 that bus 5 is the best location point. To affirm these results we suppose the SVC with technical values indicated in Table. 2 installed on a different bus. Figs. 9-10-11, show the three phase voltage solution at different buses with load Incrementation. Fig. 12 shows the variation of negative sequence voltage in bus 3, 4, 5 with load incrementation. Table. 3 shows the three phase voltage solution for unbalanced load, the impact of unbalanced load on system performance can be appreciated by comparing the results given in Table. 3 -4 and Table. 1, where small amounts of negative and zero sequence voltages appeared. In this case the low voltage appeared in bus 5 with 0.9599 p.u at phase 'c' which is lower than the balanced case, the system power losses are incremented to 6.0755 MW with respect to the balanced case. Table. 4 shows the results of power flow for the unbalanced power system, it can be seen from results that all three phases are unbalanced.
Bmin

Bus
Phase Step Control
Step Control
Step Control Table 8 . SVC at bus 4 and bus 4, 5 (ka=1, kb=0.9, kc=1.1, loading factor=1) The lowest voltage magnitude is a necessary information and a good index to analyse the voltage stability and to estimate the efficient location of shunt compensator, but not www.intechopen.com
Optimal Location and Control of Flexible Three Phase Shunt FACTS to Enhance Power Quality in Unbalanced Electrical Network 299 sufficient, complementary information based in the variation of negative sequence is presented and tested in a network with unbalanced load. Figs. (6-7) give results of the voltage magnitude of an unbalanced three-phase power systems in normal condition with load incrementation, we can seen from Fig. 7 that the lower voltage is at phase show the variation of the negative sequence voltage in all buses with load incrementation, without compensation with unbalance at all Bus and unbalance at bus-30. Figs. (10-11) show the variation of the negative sequence voltage in all buses with load incrementation, with balanced and unbalanced compensation and unbalance at bus-30. The amount of negative sequence voltage is reduced greatly in the unbalanced case to 0.0135 p.u compared to the balanced compensation case with 0.0310 p.u. Table 10 . SVC at bus 29, step control'10' (ka=1, kb=0.9, kc=1.1, loading factor=1)
In this case an unbalanced load at all buses is applied with ka=1, kb=0.9, kc=1.1, where ka, kb, kc represent the degree of unbalance. In Fig. 26 , for one SVC installed at bus 30 and at the step control '10', the reactive power for the three phase ,
[0.0349 0.0524 0.0873 20.7197] represent the minimum reactive power needed to assure the degree of system security margin. Fig. 27 shows the impact of the unbalanced compensation to the voltage magnitude in normal condition. 
General results interpretation
1. In our presented approach the real power loss membership function is combined with reactive power loss membership function with the same form to enhance the final decision. 2. The combination of active and reactive fuzzy expert rules with the function coordination that is based on the heuristic strategy leads to better results. 3. In addition it has found that based on the complementary information given by the reactive index sensitivity, the expert engineer can choose economically the size of the shunt compensator to be installed in a practical network. A maximum value of this factor yields the optimal size of SVC and STATCOM rating, this point correspond to the suitable security margin at the minimum Mvar level. 4. Optimal location and sizing of shunt controllers results in lower power loss, better voltage profiles and improvement power quality. show the voltage profiles of phase 'b', and phase 'c'. It is clear that the location of SVC controllers contribute to the improvement of voltage deviation 5. Our analysis has shown that unbalanced compensation based shunt FACTS devices is an alternative solution to enhance the power quality. 6. In addition to the important points discussed, we can also draw some recommendations for futur research: -Further research is needed into this issue (power system operation and control), related to the integration of multi type of FACTS Controllers in unbalanced distribution systems. -Optimal location and control of three phase FACTS Controllers with the standard power flow using artificial intelligence techniques is an important research area. -
The control in real time of FACTS devices requires flexible and robust three-phase models combined with efficient dynamic fuzzy rules to enhance the indices of power quality.
Conclusion
Reactive power control based shunt FACTS devices is one of the important issues in power system planning and control. The problem of finding out which locations are the most www.intechopen.com
Optimal Location and Control of Flexible Three Phase Shunt FACTS to Enhance Power Quality in Unbalanced Electrical Network 303 effective and how many Flexible AC Transmission System (FACTS) devices have to be installed and controlled in a deregulated and unbalanced practical power systems is a question of great significance for the expert engineers to deliver power to the consumers within the desired power quality required.This chapter has recalled the fundamentals and some specfic details related to the improvment of power quality in unbalanced power systems. The proposed technique, demonstrates that an efficient coordination between expertise engineers formulated in practical fuzzy rules with asymetric dynamic compensation based shunt FACTS devices is able to improve the power system quality in unbalanced power systems. The main objective of the proposed strategy is to find the optimal reactive power compensation between multi shunt FACTS devices (SVC Controllers) in unbalanced power systems based on three-phase power program, the method is applicable to many types of unbalanced network configuration. Today, the prices of SVCs compensator are not much higher than the traditional system compensation; this will make the applications of shunt FACTS devices especially SVCs economically justified in unbalanced distribution network. Based on results presented in this chapter, we can conclude that integration of FACTS devices models in unbalanced practical distribution power system requires an efficient three-phase power flow program.
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